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Research executed over calendar year 1995 focused on three primary objectives.

The first is the dissection of free radical catalytic cycles. The objective is to determine

both the mechanisms for ozone loss in the lower stratosphere, by establishing the

hierarchy of rate limiting steps in the nitrogen, halogen, and hydrogen cycles, and to

determine the response of the stratosphere to changing levels of NOx, aerosols, etc., by

directly observing the partial derivatives of the constituent concentrations. Observations

are made from the NASA ER-2 aircraft. The second is to incorporate fast-response water

vapor measurements into the ER-2 payload, to obtain high spatial resolution data on

water vapor. This is a particularly powerful technique for diagnosing dynamical behavior

of the stratosphere when combined with the rapid time-response CO2 observations

available on the ER-2. The third objective is the development of a new instrument

designed for the ER-2 superpod, which will observe C1ONO2 in situ for the first time, and

also will observe C10, BrO, and NO 2 simultaneously. We present the progress made in

each category.

With respect to the observation of free radicals from the ER-2, observations

obtained during the ASHOE/MAESA mission extended OH, HQ, C10 and BrO

measurements from the Arctic to the Antarctic. Simultaneous, in situ measurements of

the concentrations of OH, HO 2, CIO, BrO, NO, and NO2 demonstrate the predominance

of odd-hydrogen and halogen free-radical catalysis in determining the rate of removal of

ozone in the lower stratosphere. A single catalytic cycle, in which the rate-limiting step is

the reaction of HQ with ozone, accounted for nearly one-half of the total 03 removal in

this region of the atmosphere. Halogen-radical chemistry was responsible for

approximately one-third of the photochemical removal of 03; reactions involving BrO

account for one-half of this loss. Catalytic destruction by NO 2, which for two decades

was considered to be the predominant loss process, accounted for less than 20% of the 03

removal. The measurements demonstrate quantitatively the coupling that exists between

the radical families. The concentrations of HO2 and C10 are inversely correlated with

those of NO and NO2. The direct determination of the relative importance of the catalytic

loss processes, combined with a demonstration of the reactions linking the hydrogen,



halogen,andnitrogenradicalconcentrations,showsthat, ill theair sampled,therateof 03

removalwasinverselycorrelatedwith totalNO×loading.

Theseobservations,extendedto latitudesfrom 60°S to 60°N under "normal"

aerosolloading following the elimination of Mt. Pinatuboaerosols,have significantly

changedour understandingof the impactof stratosphericaircraftNO×emissionson the

lower stratosphere.Rather than enhancingozone loss, the releaseof NOx may well

decreasetheozonelossratein the lowerstratosphere.Thehigheraltitudes,abovetheER-

2 ceiling, remaina major issue.Theseobservationshave,on the otherhand,heightened

concernover the releaseof aerosolsinto a halogen-richstratosphere,providing an

explanationfor the rapid decreasein ozoneovermid latitudesfollowing the eruptionof

Mt. Pinatuboin 1991.

This researchhas focusedalso on the brominecatalytic destructionof ozone.

Observationsof the BrO radicalin the lower stratosphere,obtainedsimultaneouslywith

measurementsof short-lived hydrogen,nitrogenand chlorine radicalsand long-lived

radical precursors,demonstratethat reactionsinvolving bromineaccountfor more than

half of the catalytic destructionof ozoneby halogensat - 20 km. In the air masses

sampledusingtheER-2aircraft,bromineis 60-80 timesmoreefficient at ozoneremoval

thanchlorineona per-atombasis.An inferredvaluefor total stratosphericbromineagrees

within error with measurementsof the brominesourcespecies,the organic bromine

compoundsthatenterthestratospherefromthetroposphere.

In the courseof the ASHOE/MAESAmission,the ER-2successfullyintercepted

the exhaustplume of the Concordesupersonicaircraft as it approachedChristchurch,

New Zealand.The ER-2wasalsovectoredproperlyso asto observeits own effluent in

thestratosphere.Thus,concentrationsof OH andHO 2 have been measured in the exhaust

of an Air France Concorde and a NASA ER-2 in the lower stratosphere. Enhanced

concentrations of OH result from the photolysis of HONO that is formed in the early

stages of the exhaust from emitted OH and NO. Reactive hydrogen emissions (the sum of

OH and HONO) are 5% of the NO× emissions from both aircraft, indicating that the

factors that control OH and NOx emissions from each engine are similar. Reactions of



Ott with NO×control the lifetime of HONO and,hence,oxidation by Ott in the plume.

Gas-phasereactionswith OH oxidizeonly asmallfractionof NO×(5%)andSO2(2%) in

the plume, indicating that oxidation by OH is not responsiblefor generatingthe large

numberof particlesobservedin theexhaustwakeof theConcorde.

Thesecondobjectiveof theresearchwasto refinethewatervaporobservationsto

provide accurate,rapid time-responseobservationsfrom the ER-2, to explore the

behaviorof water vapor in the upper troposphereand lower stratosphere.We obtained

measurementsof water vapor taken using a fast-responseLyman-alphahygrometer

mountedon the NASA ER-2 for the CentralEquatorialPacific Experiment(CEPEX).

The flights originated from Fiji (17°S, 178°E) and covered a range of potential

temperaturesup to 470K. Concurrentozonemeasurementsanda 1-Dmodelareusedto

convertpotentialtemperatureto effectiveageof the air in thestratosphere.This analysis

provides insight into measuredwater vapor profiles in the lower tropical stratosphere,

takenduring different seasonson previousaircraft campaigns.It yields a picture of a

seasonal cycle consistent with the variation of the average tropical tropopause

temperatureand anannuallyaveragedmixing ratio of water in air enteringthe tropical

stratosphereof about4.45ppmv.

In the lastcategoryof researchobjectives,we reviewprogressin thedevelopment

of the C1ONO2instrumentthat is destinedfor the left wing pod of theNASA ER-2.Key

developmentsin that work occurredin calendaryear 1995.The entire instrumentwas

prototypedin the laboratory.This includesthesolid statelasersystemfor NO2detection,

the plasmadischargesystemfor C10 and BrO detection,two solid statedissociation

elementsusedto thermally decomposeC1ONO2,and the electronicsto both control all

subsystemsof the experimentand to obtain data from both analog and digital inputs.

Calibrationof both NO2 and C10 axeswere performed,demonstratingthat one NO2

moleculeis producedfor eachCIONO2dissociationevent.The yield of CIO from the

dissociationis 25% lessthan that for NO2--an issueisolatedto the high temperature

calibrationof theC10detectionaxes.



The prototype laboratory instrumenthas been designedinto a configuration

compatiblewith the weight and structureof the ER-2wing pod andall componentsare

now under fabrication,asarethe flight electronics.Theinstrument,supportedin part by

ERASTfunds,is scheduledfor test flights in June1996.
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